Objective: The aim of this study is to know the impact of mouthrinsing using chlorhexidine gluconate 0.2% with the number of plaque-causing bacterial colonies in fixed orthodontic users. One of the most common problems is malocclusion. The solution is to do orthodontic treatment but the side effect is very susceptible to having poor mouth hygiene due to oral microflora which has changed and the difficulty to clean the appliance.
Introduction
The percentage of oral health problems has increased from year to year. This is evidenced from RISKESDAS 2007 and 2013 by increasing from 23.2% to 25.9%. 1 The most common oral health problems are tooth decay, periodontal disease and malocclusion.
2 Currently malocclusions are third in the ranking of priorities among the problems of dental public health worldwide, surpassed only by dental cavity and periodontal diseases. 3 The prevalence of malocclusion in Indonesia is still very high, approximately about 80% of the population. 4 The term malocclusion was first invented by Guilford, it is defined as an abnormality that causes disfigurement or impedes function and requires treatment. The malocclusion might be associated with one or more of the following: malalignment of individual's teeth in each arch, malrelationship of the dental arches relative to the normal occlusion: in anteroposterior, vertical, or transverse planes. Occlusion is defined as the manner in which the upper and lower teeth intercuspates with each other in all mandibular positions and movements. It is a result of neuromuscular control of the components of the masticatory system, periodontal structures, maxilla, mandible, temporomandibular joints, and their associated muscles and ligaments.
5
The orthodontic treatment aims to adjust the position of teeth to the right tooth curve. Thus, efficiency of chewing function, face harmony, oral health, dentofacial aesthetics, and tooth position stability can be improved. The orthodontic treatment usually takes 2-3 years. 4 It has been shown that orthodontic treatment induces changes in the oral environment such as an increase in bacterial concentrations like number of mutans: streptococci and lactobacillus spp., alterations in pH, salivary buffering capacity, salivary flow, and dental plaque of these patients.
6-10
There is an increase in the volume of dental plaque as well as an increase in the number of bacteria and the concentration of carbohydrate in each milligram of plaque.
7 Furthermore, all of these changes are closely associated with hygienic and dietary behavior of the patient.
9
Patients undergoing fixed orthodontic treatment can lead to enamel demineralization, causing white spots, tooth decay and gingivitis. 8 The number of demineralization injuries increased significantly during the first six months and continued to increase up to 12 months. 9 The placement of orthodontic appliances increases retention areas and irregular surfaces of brackets and bands provide protection to microorganisms from physical forces.
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It encourage the accumulation of dental plaque and the proliferation of cariogenic and periodontopathic microorganisms, increasing the risk of caries and periodontitis.
12 Therefore, cleaning becomes more complicated, which favors plaque accumulation. In addition, dietary behaviors significantly influence demineralization: if fermentable substances are continuously ingested, acid production by plaque exceeds neutralization by the saliva and demineralization occurs. When carbohydrate availability is in excess, pH drops and remains at this lower level.
9,11
Patients wearing orthodontic appliances must be encouraged to take good care of their oral cavity. Perfect cleaning of teeth in patients with fixed appliance takes at least ten minutes, which requires considerable care and discipline habits. Orthodontist should be aware of their patients' oral hygiene problems since one of the main goals of orthodontics is to achieve dental and skeletal harmony while preserving healthy teeth and support surfaces.
8
Chlorhexidine is an antimicrobial agent. 13 It is commercially available in the forms of mouth rinse, gel, varnish, toothpastes, sprays, and sugar free chewing gum.
13,14 It acts on the inner cytoplasmic membrane; hence, it is a membrane active type of substance. It is dicationic at pH levels above 3.5. It prevents plaque accumulation; hence, it is an antiplaque and antigingivitis agent and reduces the adherence of porphyromonas gingivalis to epithelial cells. It can be bacteriostatic or bactericidal depending on the dose. It acts against a wide array of bacteria including gram-positive and gram-negative bacteria, dermatophytes, and lipolytic viruses. 13 Chlorhexidine gluconate is a cationic biguanide which is bacteriostatic in low and bactericidal in higher concentrations.
13, 15 Chlorhexidine gluconate at a concentration of 0.2% is regarded as the gold standard in the reduction of plaque formation and as a local bacterial compound.
15
The objective of this study was to know the impact of mouth-rinsing using chlorhexidine gluconate 0.2% with the number of plaque-causing bacteria colonies in fixed orthodontic users.
Material and Methods
This research type was quasi-experimental, pretest, and posttest test design with control group design was conducted among subjects undergoing orthodontic treatment. The study was conducted under the approval of Medical Ethical (1637/H04.8.4.5.31/ PP36-KOMETIK/2016) Faculty of Medicine, Hasanuddin University, Makassar, Indonesia.
Thirty samples were selected for this study from students at Faculty of Dentistry. Those who met the following inclusion criteria were enrolled in the study: patients who were undergoing fixed orthodontic treatment for more than 3 months, there was no known hypersensitivity to chlorhexidine and there was no known medical problem. Additionally, subjects being on antibiotic treatment, current users of tobacco in any form, current users of any other mouth rinse, having active periodontal disease, or any other problems which could affect oral microbial flora were excluded. They were explained about the study and informed consent was obtained.
All the subjects were randomly divided to 2 groups: chlorhexidine group (n=15) and aqua Dest or distilled water group (n=15). The subjects were instructed to rinse with 10 ml of mouth rinse for 30 s after brushing their tooth, twice daily (after breakfast and before going to bed) for 14 days. Sampling was performing in three steps: baseline, on 7th day, and on 14th day. All the microbial tests was carried out in the Faculty of Microbiology Laboratory of Pharmacy, Hasanuddin University.
One day before the sample was taken, researcher had to make transport medium in laboratory and store it in 30 vial bottles. Then it was brought on the day the samples were taken at Faculty of Dentistry. The subjects were instructed not to take food before the researcher took swabs of their teeth. Samples were taken by cotton swab and were stored in vial bottles one-by-one. Furthermore, all of those bottles were taken to laboratory for incubation at 37°C for 24 hours.
About one ml from transport medium was dropped in to petri dish then BHIA medium was poured in to it, so the bacteria could grow up after incubation at 37°C for 24 hours again. The bacterial colony were counted by using cup count method. The data were analyzed according to parametric: repeated ANOVA test, post hoc Bonferroni test, and general linear model test by using SPSS version 23 (SPSS Inc, Chicago II, USA). The statistical significance level was determined at p<0.05. Table 1 presents the number the mean values of bacteria colonies in both groups: chlorhexidine gluconate 0.2% group and aqua Dest (distilled water) group. A comparison of bacteria colonies within each group, showed the reduction effect significantly in chlorhexidine group. A significant reduction in chlorhexidine group between baseline, on 7th day and on 14th day is shown in table 2. Table 3 shows the comparison of the effectiveness between the stages in both group and the result on 7th day and on 14th (p=0.000) was significant. Furthermore the effect of rinsing chlorhexidine on 7th day is 31.32%, between 7th day and 14th day is 44.43%, and on 14th day is 61.84% table 4.
Results

Discussion
During orthodontic treatment, practicing satisfactory oral hygiene is a difficult task for orthodontic patients because of brackets and wires. A failure to maintain proper oral hygiene leads to tooth damage. Therefore, levels of cariogenic pathogens should be constantly reduced during the active phase of orthodontic treatment if a chemical agent can be used. 16 This study was proposed to know the impact of mouth-rinsing using chlorhexidine gluconate 0.2% with the number of plaque-causing bacteria colonies in fixed orthodontic users.
In this study there was a reduction in the number of bacterial colonies in the treatment group and statistical analysis showed significant differences. Several studies have proved the effectiveness of chlorhexidine gluconate 0.2%.
15- 20 Sari E et al. 16 evaluated the effects of 0.2% chlorhexidine gluconate on streptococcus mutans and lactobacilli levels in saliva. They reported that in combination with mechanical plaque removal, 0.2% chlorhexidine gluconate is an important therapeutic agent in controlling the streptococcus mutans and lactobacilli levels of orthodontic patients with fixed appliances.
Furthermore, Yeturu et al. 17 reported that the highest percentage of reduction of plaques scores was in chlorhexidine group. Aloe vera and chlorine dioxide showed almost similar reductions in plaque and gingivitis when compared to chlorhexidine over a period of 15 days. The reduction in plaque scores in Aloe vera group could be attributed due to the active compounds like aloesin, aloin, aloeride, flavonoids, saponin and sterols. These compounds also have shown antibacterial, anti-inflammatory, and antioxidant properties causing reduction in both plaque and gingival scores. Similarly, chlorine dioxide also reported to have antibacterial properties by disrupting protein synthesis, inactivating enzymes, and misbalancing electrolytes within cell membranes hence, from the results of the study it can be concluded that chlorine dioxide and aloe vera can be a suitable and economical alternative for chlorhexidine.
Likewise, Saffari et al. 18 investigated the effect of chlorhexidine and persica mouthwash on colonization of streptococcus mutans on fixed orthodontics O-rings. The authors concluded that persica cannot be a good alternative for chlorhexidine and patients undergoing orthodontic treatment need to use mouth rinse like chlorhexidine to inhibit of bacterial colonization so they can improve their periodontal health during treatment. Similarly, Abouassi et al.
15
showed aerobic and anaerobic salivary bacteria were significantly reduced after 3 min of incubation in 0.2% chlorhexidine. Since chlorhexidine is a strongly cationic molecule it can react with anionic chemicals, resulting in inactivation of antimicrobial activity. The pH of unstimulated saliva ranges between 5.8 and 7.1 with an average daily flow between 1 and 1.5 in healthy individuals. The results showed that human saliva can inactive the antibacterial activity of chlorhexidine against some oral bacterial, so the addition of 7% ethanol can compensate this effect.
Most bacteria, tooth surfaces, and mucous membranes are anions that will bind strongly to the cation chlorhexidine. 19 The mechanism of action is mainly by binding to microbial cell membranes and damaging the surface structure, leading to an osmotic imbalance and precipitation of cytoplasm causing cell death. 17 The attachment of plaque 
ORIGINAL RESEARCH
bacteria will mature within 24 hours, and chlorhexidine may inhibit the early adhesion of plaque bacteria on tooth surface. In a study performed by Arief et al. 19 it was found that the superiority of chlorhexidine can be detected during 48 and 72 hours.
Chlorhexidine is dicationic at pH levels above 3.5. The mechanism of action of chlorhexidine is that the bacterial cell wall is negatively charged containing sulfates and phosphates, while the dicationic positively charged chlorhexidine is attracted to the negatively charged bacterial cell wall with specific and strong adsorption to phosphate containing compounds, which will alter the integrity of the bacterial cell membrane and chlorhexidine is attracted to the inner cell membrane. By increasing the concentration of chlorhexidine there is progressive damage to the membrane. When chlorhexidine binds to the phospholipids in the inner membrane there is leakage of low molecular weight compounds like potassium ions, and cytoplasm of the cell are chemically precipitated. There is coagulation and precipitation of the cytoplasm by the formation of the phosphate complexes which include adenosine triphosphate and nucleic acids. The bactericidal stage is irreversible.
13
Chlorhexidine groups have the ability to reduce the amount of plaque-causing bacterial colonies in fixed orthodontic users. The percentage reduction of bacteria colonies on 14th days was 61.84%, on 7th days was 31.32%, and between 7th and 14th day was 44.43%. Higher percentage values along with the length of use of chlorhexidine gluconate 0.2% showed a good effect for a person with oral hygiene. This was similar to PF Wagmare et al.
20
who compared the efficacy of turmeric mouthwash and chlorhexidine gluconate mouthwash in prevention of gingivitis and plaque formation. The result showed the percentage reduction of total bacterial count in chlorhexidine group on 21st day was 89.94%. In this study, the subject in chlorhexidine group complained of alteration in taste. This was similar with previous study by Arief et al.
19
Conclusion
Mouth-rinsing using chlorhexidine gluconate 0.2% significantly affects the amount of plaque-causing bacteria colonies in fixed orthodontic users (p<0.05) with the percentage drop is 61.84%.
